A simple, accurate and reproducible method which is based on the capillary electrophoresis, coupled with solid-phase extraction, has been developed for simultaneous determination of multiple 8-prenylflavones from Chinese Herba Epimedii. In this study, the author has mainly illustrated the experimental process and research results of five major components including epimedin C, icariin, diphylloside A, epimedoside A and icarisoside A that have been extracted and identified from Herba Epimedii for the first time. Experimental conditions have been optimized to achieve the best separation efficiency for the following factors: the buffer pH, buffer concentration and applied voltage. The experiment can be conducted through two separable stages: the first stage is to obtain the crude extracts through the solid-phase extraction; and the second stage is to further separate five major components by using the capillary electrophoresis. The separation of the five components and the analysis of the experiment are relatively fast and can be completed within 20 min. The concentration ranges of the construction of standard curves of five major 8-prenylflavones are 32. 0-395.0, 23.4-292.0, 42.1-526.0, 18.8-233.5 and 29.7-371.0 µg mL −1 respectively, which have showed acceptable linearity with a correlation coefficient, r ≥ 0.999. The coefficient varies within 2.0% for both intra-and inter-days tests. The recoveries of five components range from 92.3 to 104.1%. The relative standard deviations of recoveries of five components range from 1.2 and 2.8%. This new method will facilitate the extraction and expedite the determination of medical components from Herba Epimedii.
Introduction
Herba Epimedii (family Berberidaceae, Yin-Yang-Huo), used for medical practice in China over 2000 years, is capable of enhancing the kidney functions, which is expressed in traditional Chinese medicine theory as strengthening the Yang of human body (1, 2) . More recent research studies suggested that flavonoids, as the major active components of Herba Epimedii, have shown multiple beneficial therapeutic effects in vitro, such as the anti-inflammatory effects on the mouse' ear edema and the protection of human umbilical vein endothelial cells against H 2 O 2 damage (3) (4) (5) (6) (7) (8) (9) . Among over 15 flavonoids identified from Herba Epimedii and other related species (10) (11) (12) (13) , diphylloside A, icariin, epimedin C, epimedoside A and icarisoside A have been identified asthe main flavonoids (14) . One challenge in the processing and preservation of Herba Epimedii is the poor stability of flavonoids, presumably due to their 8-isopentenyl structure ( Figure 1) . A reliable method is in great demand for the rapid, facile and sensitive identification and quantification of flavonoids, particularly for the development of Herba Epimedii-related medicines. Previous reports of the identification of flavonoids from Herba Epimedii focused on the methods based on HPLC (15) (16) (17) (18) . Unlike HPLC, the methods based on high performance capillary electrophoresis (HPCE) require less sample volume and low maintenance of the electrophoresis column and produce much lesssolvent waste (19) (20) (21) (22) . Although HPCE has been reported for the determination of icariin, epimedin A, epimedin B and epimedin C (20, 21) , simultaneous analysis of the multiple prenylflavones (epimedin C, icariin, diphylloside A, epimedoside A and icarisoside A) has not been documented. In this article, we propose a HPCE method for simultaneous determination of five major 8-isopentenyl-flavones in the leaves of ten varieties of Herba Epimedii.
It is difficult to accurately control and rapidly determine the extraction with capillary electrophoresis (CE). Usually, pretreatment is often necessary for herbs extraction. Liquid-liquid extraction, high-speed counter-current and solid-phase extraction are common pretreatment methods. Because solid-phase extraction has the characteristics of high selectivity, high automation and less organic solvent consumption and it is much more simple and efficient than other methods, it is very often used as a sample pretreatment method. In order to effectively eliminate the impurities interference of the samples on the CE and achieve a higher purity of crude extracts, we used solid-phase ultrasonic extraction to enrich the chemical components of flavonoids as a sample pretreatment for further HPCE analysis.
Experimental section

Materials and reagents
Purified flavonids used as standard chemicals Five flavonoids (epimedin C, icariin, diphylloside A, epimedoside A and icarisoside A) which are isolated from the roots of Epimedium wushanense T. S. Ying were used as standards in this work. The structure and purity (>98%) of these five flavonoids were characterized using UV-Vis, 
HPCE system
The analysis was carried out on a Beckman MDQ system which is equipped with a diode array detector, a fluid-cooled column cartridge, an automatic injector and an uncoated fused-silica capillary (Beckman) of 65.0 cm × 50.0 µm I.D. (effective length 50 cm). The experiment was completed under the condition of applied voltage 18 kV by using normal polarity. Sample injection was carried out in a hydrodynamic mode for 10 s with a pressure of 20 psi. The capillary temperature was maintained at 25°C and the detector was set at 270 nm. Borate buffer (30 mM, pH 9.5) containing 40% methanol was used as a running buffer. When a new capillary was used, the capillary was rinsed with 1 M hydrochloric acid for 5 min, water for 5 min, then 0.1 M sodium hydroxide for 10 min, water for 5 min and buffer for 10 min prior to the first analysis. Between each run, the capillary was rinsed with 0.1 M sodium hydroxide for 3 min, water for 2 min and buffer for 3 min successively. The Gold software for system control and data processing was used in this experiment.
Preparation of standard solutions
For each flavonoid, six standard solutions were prepared by using methanol-water (50 : 50, v/v) within the concentration range as specified below: 32.0-395, 23.4-292, 42.1-526, 18.8-233.5, 29.7-371 µg mL
for epimedin C, icariin, diphylloside A, epimedoside A and icarisoside A, respectively. To each solution, an internal standard (IS) (rutin) was added to achieve a final concentration of 55 µg mL −1 of rutin. All solutions were found to be stable for at least 1 month when stored at 5°C.
Sample preparation
The crushed Herba Epimedii leaves were purified through No. 2 sieve. About 0.3 g of commercial samples were weighed into a 100-mL flask and extracted by ultrasonic treatment with methanol-water (50 : 50, v/v, 30 mL) for 40 min, and then methanol was recovered from the sample. In order to achieve a higher purity of crude extracts with less impurities that may interfere the HPCE analysis, we used solidphase extraction to enrich the chemical components of flavonoids as pretreatment before further HPCE analysis. The solid-phase extraction column (Lichrolut ® RP-18) was activated before using with 3.0 mL methanol and 2.0 mL water at a rate of 0.5 mL/min. The sample was added to this column, followed by washing with 2.0 mL water and 3.0 mL methanol. The water eluent was discarded and the follow-up methanol eluate was collected, filtered and diluted to a final volume of 30 mL with methanol-water (50 : 50, v/v) as the sample. Then, 5 mL of the sample was taken and 5.00 mL of the IS solution (rutin) was accurately added and adjusted to 10 mL. The mixture was shaken up, centrifuged and filtered through a 0.22-µm filter before injection, respectively.
Results
Analytical conditions
The detection wavelength is set to 270 nm because it is the maximum absorption band of epimedin C, icariin, diphylloside A, epimedoside A and icarisoside A. Rutin is used as an IS because its HPCE signal does not overlap with any of the five flavonoids. The first separation parameter is the buffer pH, which plays a dual role in CE because it influences the generation of the magnitude of the electro-osmotic flow (EOF) and the amount of ionizable species. Flavonoids and boric acid anions could form negatively charged complexes when the pH value of the buffer solution is higher than 7.0, and the formation of such complexes is favored at higher pH. High pH, however, will cause longer separation time and larger EOF, and the peak resolution changed worse with the change of pH. Therefore, the optimal pH conditions need to be optimized in the experiment. A borate system with different pH values (8.6-11.6) is tested (Figure 2A) . Although a reasonable separation between icariin, diphylloside A, epimedoside A and icarisoside A has been achieved in the pH range of 8.6-9.0, epimedin C and icariin have shown severe overlap in the electropherogram. Good separation is discovered between five major prenylflavones in the pH range 10.1-11.6 with the migration time of icarisoside A extended to 33.3-46.8 min. In this investigation, pH 9.5 is selected.
Buffer concentration is another key factor for CE separation. Higher buffer concentrations provide an enhanced ionic strength for better column efficiency and resolution. The influence of buffer concentration (10-50 mM) on migration time and resolution was investigated ( Figure 2B ). The migration time and resolution get an increase when the concentration of borate is increased. Epimedin C and icariin are not separated in 10 mM buffer, and the run time is prolonged in 50 mM buffer. Finally, the concentration of 30 mM buffer is adopted which results in good migration time and resolution. 
Method validation
Extraction recoveries with solid-phase extraction A testing solution was prepared by mixing the standard solutions in methanol-water (50 : 50, v/v) to reach the final concentrations as specified as follows: epimedin C 160 µg mL −1 , icariin 117 µg mL −1 , diphylloside A 210.5 µg mL . The sample was treated with activated solidphase column before determination, and we got the peaks of five prenylflavones. Additionally, the same standard solution was analyzed by CE directly. Each sample which had been treated by solid-phase extraction was repeatedly measured five times and calculated as follows: the recovery = A 1 ( peak area of extraction)/A 2 ( peak area of no extraction). Five reference standard recoveries of solid-phase extraction were calculated as shown in Table I . The results have shown that solid-phase extraction recoveries are 84.6-92.1%, and the relative standard deviation is <3.0%. The SPE conditions are appropriate to the determination of real samples.
Calibrate graphs
The peak area ratio, y, and quality ratio, The signal which is three times higher than the peak noise height is taken as the detection limit (limit of detection, LOD).
The detection limits of five prenylflavones are 3, 2, 4, 2 and 3 µg mL −1 for epimedin C, icariin, diphylloside A, epimedoside A and icarisoside A, respectively. The precision of these methods was evaluated for five times on the same day, and a 5-day period analysis was carried out by injected standard solutions containing epimedin C, icariin, diphylloside A, epimedoside A and icarisoside A, The coefficient variations of intra-and inter-days were both <2.0% (n = 5), indicating satisfactory precision of the experimental data. The extraction recovery was tested by adding known amounts of five components. The recoveries of five components ranged from 92.3 to 104.1%. The relative standard deviation (RSD) of recoveries of five components ranged from 1.2 and 2.8%. 
Sample analysis
The contents of the five 8-prenylflavones in samples of Herba Epimedii were determined by using above-mentioned the optimized CE condition. The electropherograms of the standards and the extract of Herba Epimedii. (e.g., in E. wushanense Ying) are shown in Figure 3A and B. The contents of five components in different samples are shown in Table II , which show that the contents of five components in all commercial samples of Herba Epimedii vary significantly. The dominant flavonoids were found to be epimediin C and diphylloside A in some samples (e.g., in E. wushanense Ying), and icariin in others samples. Because icariin is the key component used for the evaluation of Herba Epimedii quality (2), our experimental results suggest that this traditional method exclusively basing on icariin could cause highly biased results.
Discussion
In capillary electrophoresis, the increase of separation voltage can shorten the separation time, but high-voltage induced Joule heat can intensify the diffusion of solutes and further reduce the separation efficiency. In this experiment, the separation efficiency was investigated with the voltage ranging from 13 to 20 kV. As shown in Figure 2C , shorter migration time was observed when separation voltage was increased. The separation voltage of 18 kV was selected as the operation voltage for this experiment. The influences of different buffers [citric acid-sodium citrate buffer, phosphate buffer (with surfactants SDS)] were also tested at different concentrations (10-50 mM), but the resolution of epimedin C and icariin was not improved and the migration time of icarisoside A was extended.
The EOF is affected by the amount of the organic solvent in the mobile phase. Methanol was used as the organic solvent in this work due to the excellent solubility of prenylflavones in methanol. The methanol concentrations were optimized to study its influence on the separation resolution and the HPCE current. The results showed that low concentrations (10%) of methanol reduced the current very slightly, but high concentrations (50%) caused the increased elution time. The optimized condition was found to be 40% methanol with the current of ∼90 mA, which resulted in good resolution (>1.5) of epimedin C and icariin.
Conclusion
In summary, we presented a HPCE method for facile, accurate and repeatable analysis of flavonoids in Herba Epimedii. The pretreatment of samples by using solid-phase extraction helped to minimize the negative influences caused by the undesired impurities during HPCE analysis. This method was demonstrated by the separation of five flavonoids from the leaves of Epimedium with reasonable analysis time and excellent separation resolution.
Compared with HPLC, this method offers higher separation efficiencies, quicker analysis and lower buffer cost for the rapid and simultaneous evaluation of the multiple prenylflavones in Herba Epimedium. 
